of evidence to support most guidelines is low, and many uncertainties regarding best clinical practice remain. Thus, substantial variance in clinical management between centers can confound results of clinical trials. 13, 41 On the other hand, observational and comparative-effectiveness studies can take advantage of this variance to identify best management practice and drive guideline development. The goal of comparative-effectiveness research is to measure differences in outcome and relate them to differences in disease management in ordinary settings and broad populations.
Here we have adopted this comparative-effectiveness approach to compare practices of surgical management of TBI and their efficacy in an observational study of two academic, university-affiliated centers in Europe and the United States. Since the 1970s there has been ongoing controversy regarding the procedure of decompressive craniectomy (DC), 4, 8, 12, 16, 48 which is primarily used in two types of patients. The first consists of patients with sustained elevated intracranial hypertension that is refractory to medical management. 51 The DECRA (Decompressive Craniectomy) trial showed no efficacy of DC in such cases with diffuse swelling, 15 although the RESCUEicp trial (Randomised Evaluation of Surgery with Craniectomy for Uncontrollable Elevation of Intra-Cranial Pressure), which involves a broader patient mix, is ongoing. 38 The second group consists of patients who undergo DC in conjunction with evacuation of intracranial lesions such as contusions or subdural hematomas. In these cases, craniectomy with removal of the bone flap is performed with the auxiliary purpose of prophylactic decompression to preempt a possible rise in intracranial pressure (ICP) later in the patient's course. There has recently been a resurgence in the use of DC in conjunction with mass lesion evacuation, 14 and early DC has become a standard of care for treatment of severe TBI in the military setting when other treatment options are limited. 5 Several recent retrospective, singlecenter studies have examined the effectiveness of DC as a primary intervention with differing results. 1, 17, 18, 36, 46, 52, 54 The uses of DC as either a primary preemptive procedure or as a secondary procedure for patients with refractory intracranial hypertension are thus controversial and there is insufficient evidence to support guidelines for DC use in either scenario. The Brain Trauma Foundation Guidelines merely suggest that DC may be an appropriate choice in patients with posttraumatic edema, hemispheric swelling, or diffuse injury.
9,10 Furthermore, dichotomization between primary preemptive and secondary DC is a simplification of the indications for and use of DC in everyday clinical practice. A majority of patients with mass lesions may fall between these extremes and undergo lesion evacuation with a craniotomy or craniectomy of variable size only after a "wait-and-see" approach, with evidence of neurological decline or ICP elevation with or without failure of medical management.
In this study we examined different surgical methods and the use of DC to treat TBI in real-world scenarios by comparing injury characteristics, surgical methods, and outcomes between one neurosurgical center in the United Kingdom and a similar service in the United States. The Co-Operative Studies on Brain Injury Depolarizations (COSBID) uses electrocorticography with subdural electrode strips to monitor the pathologic entity of cortical spreading depolarizations, which arise spontaneously in 50%-60% of patients with severe TBI and are associated with worse outcomes. 25, [29] [30] [31] As a prerequisite to placement of electrode strips, only patients who undergo neurological surgery for lesion evacuation or decompression are enrolled. This allows the opportunity to compare surgical management approaches and their efficacy in an observational study of different centers. Comparison of these two centers suggests that earlier surgical intervention and craniectomy procedures with a large area of bone removal are associated with lower incidence of spreading depolarizations, reduced intracranial pressures, and better outcomes.
Methods
We compared all TBI patients enrolled in the CoOperative Studies on Brain Injury Depolarizations (COS-BID) at King's College Hospital (KCH, London, UK) and Virginia Commonwealth University (VCU, Richmond, Virginia). COSBID uses subdural electrocorticography (ECoG) to monitor spreading depolarizations in patients with acute brain injury who require neurosurgical intervention with dural opening. Thus, the same broad inclusion criteria were used at both centers: clinical decision for craniotomy/craniectomy for lesion evacuation, decompression, or both, and age 18 years or older. Patients with fixed, dilated pupils were excluded. Because ECoG is a primary endpoint of the COSBID studies, 4 of a total of 55 patients were excluded due to poor technical quality of ECoG recordings. Research protocols were approved by the VCU Institutional Review Board and the Cambridgeshire 4 Research Ethics Committee, and surrogate informed consent was obtained for all patients. Research was conducted in accordance with the Declaration of Helsinki.
Procedures
Seven variables based on patient characteristics at hospital admission were collected prospectively, as defined by the IMPACT study, 37, 45 to measure injury severity and prognostic risk. These were age, Glasgow Coma Scale motor score, pupillary reactivity, Marshall category of admission CT, and the presence of hypotension, hypoxia, and traumatic subarachnoid hemorrhage. Motor and pupillary responses most reflective of the post-resuscitation condition were used. Hypotension and hypoxia were determined based on the period preceding and at hospital admission. Patients were considered hypotensive if there was a recorded systolic blood pressure less than 90 mm Hg and hypoxic if there was a recorded PaO 2 < 60 mm Hg or SaO 2 < 90%.
To assess prognostic risk based on these admission variables in a summary prognostic score, we used the linear predictor from the published 7-variable model. 37 For instance, prognostic scores of −2.2, 0.0, and 2.2 correspond to 10%, 50%, and 90% probabilities of poor outcome (dead, vegetative state, or severe disability). In effect, we used the large sample of cases analyzed by Huk-kelhoven and colleagues to give an appropriate weighting of these 7 conventional variables. A few covariate values (4 [1.1%] of 357) were missing and were imputed using their expected values conditional on the recorded covariates and the outcomes for the relevant patients, using modeling from a larger patient series.
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Presurgical CT scans were evaluated by a central neuroradiologist (A.V.) at a different institution who was blinded to all other study data. Scans were scored for lesion type and size, degree of traumatic subarachnoid hemorrhage, swelling, and evidence of mass effect. Operative notes were reviewed to determine the primary indications for surgery (initial CT, expanding lesion, clinical deterioration, and/or refractory elevated ICP) and the surgical procedures performed, including decompression and lesion evacuation. Postsurgical CT scans were scored for craniotomy or craniectomy type, size, and method of bone flap fixation (see below). If patients required more than one craniotomy or craniectomy, only the first procedure was evaluated; subsequent procedures were considered unexpected complications.
At the conclusion of surgery, an electrode strip was placed on the surface of the cortex for subsequent electrocorticography to monitor for spreading depolarizations. 24, 53 The strip was placed near the injury focus on viable but often edematous or contused cortex with a low load of subarachnoid blood. After surgery, patients were transferred to the intensive care unit where continuous electrocorticography was initiated. Neurocritical care practices were consistent with guidelines for management of severe TBI 7 and were similar at the two sites, except as noted here. Preferred sedatives and analgesics were propofol, benzodiazepines, and fentanyl at both sites; these medications have minimal influence on depolarizations. 33 Phenytoin was used for seizure prophylaxis, but continuous electroencephalography was not standard at either site. Nimodipine was never used. Target values for cerebral perfusion pressure and ICP were > 60 mm Hg and < 20 mm Hg, respectively. ICP control was achieved by head elevation, analgosedation, temperature control, mannitol or hypertonic saline, and barbiturate coma as a late salvage therapy. VCU also made aggressive, early use of CSF drainage by ventriculostomy and hypothermia (33°C-34°C) as a late salvage therapy, in contrast to KCH. Hyperventilation to P a CO 2 < 35 mm Hg was not used. ICP values recorded in nursing charts were used for analysis. ECoG recordings were terminated, and electrode strips were removed at the bedside by gentle traction when invasive neuromonitoring was no longer clinically required or after a maximum of 7 days. No hemorrhagic or infectious complications were associated with the electrode strip. Neurological outcome was assessed at 6 months according to the extended Glasgow Outcome Scale by a telephone interview or clinic visit and dichotomized to good (moderate disability or good recovery; [5] [6] [7] [8] 24, 29 Briefly, the signature of spreading depolarization is a slow-potential change of 1-to 5-mV peak-to-peak amplitude in the near-DC (< 0.1 Hz) frequency band, reflecting in part the intracellular flux of cations during mass tissue depolarization. 32 When spontaneous brain electrical activity is present (0.5-100 Hz), the depolarization also causes suppression of this activity (that is, spreading depression), which spreads between electrodes at 1-6 mm/min along with the slow potential. Thus, we identified depolarizations by spreading slow-potential changes and classified them either as isoelectric spreading depolarization (ISD), when no spontaneous activity was present, or as cortical spreading depression (CSD), when depolarization caused depression of spontaneous electrocorticographic activity. ISDs represent a more severe form of spreading depolarization, as they are analogous to peri-infarct depolarizations, which cause lesion expansion in ischemic stroke. 3, 11, 35 The distinction between ISD and CSD has been made in previous clinical studies of TBI, 29, 31 ischemic stroke, 19 and aneurysmal subarachnoid hemorrhage. 23 
Scoring of CT Scans
Postsurgical CT scans were evaluated to quantify craniotomy/craniectomy size by a central neurosurgeon (C.Z.) who was located at a different institution and blinded to other clinical data. Since the shape of a typical craniotomy most closely resembles an ellipse, bone flap areas were approximated using the formula for an ellipse: ABp/4, where A is the major axis and B the minor axis. The major axis was defined as the greatest anterior-posterior length as determined on the axial CT cuts. The number of axial cuts containing the craniotomy was multiplied by the slice thickness to determine the minor axis. Because cranial sizes vary, we also calculated the proportion of skull removed by dividing the craniotomy area by the entire area of the intact skull. To estimate the intact skull area, we again used the formula for an ellipse as a loose approximation for the area of the hemicranium, determining the major and minor axes as described above. This value was multiplied by 2. For patients with bilateral craniotomies, sizes of each craniotomy were calculated separately and the larger of the two was used for analysis.
Results

All Surgical Patients
We studied 27 KCH and 24 VCU patients who required neurosurgical treatment for TBI between July 2004 and March 2010. Table 1 shows the injury characteristics and surgical indications for the two groups. Causes of injury were mostly blunt closed-head trauma, and falls were more common at KCH, occurring in 70% of patients compared with only 25% at VCU (p = 0.001). KCH patients were also significantly older (48 ± 18 vs 34 ± 18 [SD] years, p < 0.01), although prognostic scores based on 7 admission variables including age did not significantly differ between the centers. Maximal ICP values were also similar between patients who received ICP monitoring prior to surgery. Patients at both centers were predominantly male (KCH: 20 [74%] of 27; VCU: 19 [79%] of 24).
The clinical indications for surgery were similar between groups, with initial CT scan as a principal factor in 56% of KCH and 58% of VCU patients. Scoring of presurgical CT scans also indicated a similar distribution of pathoanatomical factors between the groups: subdural hematomas and contusions were the primary lesion types in 30%-35% and 48%-52% of patients, respectively. There were no significant differences in subdural hematoma thicknesses or contusion volumes. Epidural hematomas, which carry a more positive prognosis among lesion types, 42 occurred only in KCH patients (17%). There was no significant difference in midline shift between the centers, although basal cisterns were compressed or absent in 74% of VCU patients compared with only 48% of KCH patients (p = 0.07).
Despite these similarities in baseline injury severity, KCH patients had more intracranial pathology following surgery (Table 2) . Maximum postoperative ICP values were significantly higher at KCH, and spreading depolarizations occurred in 17 (63%) of 27 KCH patients, compared with only 10 (42%) of 24 patients at VCU. Further- At 6 months after injury, 14 (54%) of 26 KCH patients had poor outcomes, defined as death, vegetative state, or severe disability, compared with 8 (33%) of 24 patients treated at VCU (p = 0.14). Outcomes at KCH were worse than predicted based on prognostic scores (42% predicted poor outcome), but at VCU they were better than predicted (48% predicted poor outcome). 37 Patients treated at VCU were more frequently discharged to home or a rehabilitation center.
Differences in surgical approaches were examined as a potential explanation for the divergent postoperative courses of the 2 groups (Table 2) . Almost all surgical procedures at both centers were lateralized in a single hemisphere (81% at KCH; 88% VCU); the remainder were bifrontal decompressions or lateralized procedures in both hemispheres. However, the sizes of bone flaps removed were significantly larger at VCU (Fig. 2 and Table 2 ). The average area of 82.4 cm 2 , for instance, is 56% greater than the average bone flap area at KCH. This difference partly reflects greater use of DC at VCU. At VCU, decompression was an intended surgical objective in 75% of cases, and in these patients, craniectomies were performed with removal of the bone flap. At KCH, by contrast, decompression was intended in 52% of cases and DC was performed in 44% (p = 0.03, vs VCU). In the remaining 56% of KCH patients who underwent craniotomy, bone flaps were either fixed to intact skull (n = 4), hinged (n = 8), or left floating (n = 3). Finally, VCU patients were taken to surgery significantly earlier, with 83% of patients undergoing surgery within 24 hours of injury, compared with 52% at KCH (Fig. 2) .
Patients With Emergency Lesion Evacuation
Based on these analyses, we hypothesized that differences in postsurgical course between the centers were attributable in part to differential use of prophylactic DC in patients with CT indications for immediate lesion evacuation. To examine this, we separately analyzed those cases in which patients had lesions evacuated within 24 hours, with or without additional neurological, CT, or ICP indications for surgery. Thus, patients who underwent delayed surgery after clinical deterioration or ICP elevation, and those undergoing decompression only, were excluded. Table 3 shows the characteristics of these subgroups, which had similar indications for surgery, baseline prognostic scores, preoperative ICPs, and pathoanatomical findings at the two centers. The majority of patients at both centers had subdural hematomas and contusions. As previously, there were indications of more severe injury at VCU, such as 80% of patients with compressed or absent basal cisterns, but these differences did not reach statistical significance. Age was again an exceptional difference, with the KCH subgroup being considerably older (57 ± 16 years vs 34 ± 21 years, p < 0.01). Table 4 summarizes the surgical procedures and postsurgical outcomes. Most patients (85%-88%) at both centers underwent evacuation of subdural hematomas, but the craniotomy techniques used and postsurgical courses differed considerably. Craniectomy with removal of bone flap was performed in 75% of cases at VCU, compared with only 43% at KCH (p = 0.07). Bone flaps were significantly larger at VCU: the mean area of 85.4 cm 2 is 78% greater than the mean area (48.0 cm 2 ) of bone flaps at KCH (p < 0.001). When comparing only those patients patients who underwent decompression, craniectomies were still significantly larger at VCU (90 ± 17 cm 2 vs 54 ± 27 cm 2 , p = 0.01). Postoperatively, VCU patients had significantly lower maximum ICP values and significantly lower incidence of spreading depolarizations. There were 257 depolarizations in 687 recording hours (0.37/hour) at KCH compared with 57 in 1407 hours (0.04/hour) at VCU. At 6 months after injury, only 31% of VCU patients had poor outcomes, compared with 71% at KCH (p = 0.03, chisquare). Figure 3 illustrates representative cases involving patients with large subdural hematomas at the two centers.
Binary logistic regression was performed to assess directly the impact of variables on dichotomized outcomes in the pooled subgroups from both centers (n = 30). In univariate analysis, the presence of spreading depolarizations (OR 6.1, 95% CI 1.2-31.2, p = 0.03, R 2 = 0.22), craniotomy less than 25% of skull (OR 5.0, 95% CI 1.0-24.1, p = 0.05, R 2 = 0.18), KCH center (OR 4.0, 95% CI 0.9-18.1, p = 0.08, R 2 = 0.14), and greater age (OR 1.03, 95% CI 1.0-1.1, p = 0.08, R 2 = 0.14) were significantly associated with poor outcomes at p < 0.10. Prognostic score, maximum ICP value, and time-to-surgery were not significant. In multivariate analysis of significant factors, only spreading depolarizations were significant (OR 5.7, 95% CI 0.8-43.7, p = 0.08). Age was not significantly different between patients with and without depolarizations (49 ± 22 vs 39 ± 21, p = 0.22), and smaller craniotomies (< 25% of skull) were weakly associated with greater incidence of depolarizations (71% vs 40%, chi-square, p = 0.09).
Discussion
Refractory elevated ICP is a common complication following traditional craniotomy to evacuate lesions after severe TBI. The alternate approach of DC in conjunction with lesion evacuation has the potential to circumvent this complication and, furthermore, to prevent pathophysiological dysfunction associated with ICP elevation, such as reduced cerebral blood flow, reduced pressure reactivity, and increased cerebrovascular resistance. 6, 56 These factors augment the ischemic burden and contribute to secondary lesion growth in perilesional tissue. Despite the potential benefits, however, DC carries its own risks, such as subdural hygroma, infection, new hemorrhage, and lesion expansion. 26, 55 Thus, there is no consensus as to whether or when DC should be used in patients with mass lesions.
In this study we used, for the first time, a comparativeeffectiveness approach to examine the variance in neurosurgical treatment of TBI, including use of DC, between two centers in different Western countries. There were no study guidelines for which patients should undergo neurosurgery or which techniques should be used, which allowed for comparison of the surgical approaches and their effectiveness in a "real-world" scenario. We found not only considerable variation in practice between the two centers, but also, consistent with previous single-center studies, evidence for the effectiveness of an aggressive surgical approach to mitigate intracranial hypertension and secondary injury to perilesional tissue.
The two study populations were statistically similar in lesion types and sizes, signs of swelling and mass effect, baseline prognostic scores, and indications for surgery. Nearly all patients had mass lesions, and there were no patients with diffuse swelling only. Despite these similarities, we found significant differences in surgical approaches to treatment, postsurgical intracranial pathophysiology, and long-term outcomes. First, craniectomy with removal of bone flap was performed more frequently at VCU, the area of skull removed was significantly greater, and surgeries were performed sooner after the time of injury. Postoperatively, VCU patients had lower ICP, trended toward less spreading depolarizations, and had better outcomes at 6 months. These differences, other than timing of surgery, were even further accentuated in patients who underwent Fig. 3 . Representative cases. CT images obtained prior to surgery are shown in comparison with postoperative images obtained on the following day for 2 cases of large subdural hematomas at both KCH and VCU. The operations performed in KCH Case 1 (KCH1) and VCU Case 1 (VCU1) were craniotomies, while those performed in KCH Case 2 (KCH2) and VCU Case 2 (VCU2) were craniectomies. In both cases, KCH bone flaps, in contrast to VCU bone flaps, were smaller and did not extend inferior to include decompression of the anterior temporal pole. Both KCH patients showed worsening on postoperative images with blossoming of contusions and hemorrhagic transformation. SDH = subdural hematoma. lesion evacuation within 24 hours of injury. VCU patients, whose bone flaps were 78% larger, had significantly lower ICP values, fewer spreading depolarizations (occurring in 31% vs 86% of cases), and better outcomes (good outcome in 69% vs 29% of cases).
These results provide evidence for major variation in surgical techniques used to manage severe TBI and suggest the superior efficacy of a more aggressive approach, including earlier surgery, larger craniotomy, and removal of bone flap. In particular, our results indicate that patients requiring evacuation of subdural hematomas and other lesions may benefit from DC in conjunction with lesion evacuation, even if elevated ICP was not a factor in the operative decision. In the subgroup of patients with early lesion evacuation, DC was performed in 75% of VCU patients, but only 31% had refractory ICP. The numbers were somewhat lower at KCH, where 50% were described as undergoing decompression; however, the craniectomies were considerably smaller and did not include decompression of the temporal pole (Fig. 3) . Thus, the worse outcomes of these patients compared with those treated at VCU suggest a role for craniectomy, of adequate size for decompression, to improve outcomes.
It is important to note several factors that confound these results and interpretation of the role of surgery. Most importantly, the KCH cohort was significantly older, particularly in the subgroup with early lesion evacuation (mean age 57 years). Elderly patients do particularly poorly after DC, 18, 47 and this fact may have biased our data toward the results obtained by contributing to worse KCH patient outcomes and encouraging less aggressive surgical treatment. Second, falls were significantly more common as causes of trauma at KCH, which may suggest that undocumented differences in comorbidities or drug and alcohol use also contributed to outcome differences. Third, KCH patients were more often returned to their original hospitals instead of rehabilitation centers. Fourth, ICP management was more aggressive at VCU, including preferred use of ventriculostomy and early CSF drainage over parenchymal ICP monitoring, although specific data were not collected on study patients. Other undocumented differences in care, such as pre-hospital care and transport, may also exist. In univariate analysis, KCH center (capturing undocumented differences), greater age, and smaller bone flap size were all significantly associated with worse outcomes, but none were significant in multivariate analysis. Since these factors each co-vary with each other, it is not possible to determine definitively their relative impact.
Nonetheless, given the similarities in lesions types and CT indications of injury severity, the marked differences in postoperative ICP values and incidence of spreading depolarizations suggest that differences in surgical interventions documented here played some substantial role in postsurgical outcomes. In this regard, age in particular is not likely to be a confounding variable, since age decreases susceptibility to spreading depolarizations 28, 44 and elderly patients have greater intracranial compliance. Furthermore, KCH and VCU patients had similar prognostic scores and predicted outcomes, which take age into account.
Spreading Depolarizations as Mechanism and Marker of Perilesional Injury
Spreading depolarizations are a relatively new subject in the clinical study of acute brain injury and are used here for the first time as a surrogate outcome measure. As characterized in animal studies, spreading depolarizations describes the phenomena of propagating (1-5 mm/ min) mass breakdown of neuronal/astrocytic electrochemical membrane gradients that precede and coincide with cortical lesion development. During depolarization, neurons cease firing, cytotoxic edema develops as water enters cells to maintain osmotic balance, 49, 50 and cells enter a twilight state of near-death. 21 If metabolism is preserved, function can be restored within minutes without permanent damage to affected tissue. If not, spreading depolarizations will be prolonged and eventually persistent, with intracellular Ca 2+ accumulation, leading to neuronal death. 2 Clinical studies suggest that these principles translate to human disease as well. 21, 22, 40 In severe brain trauma, the occurrence of spreading depolarizations is a strong independent predictor of poor outcome: patients with ISDs have a 7.5-fold increased risk of unfavorable outcome compared with patients with no depolarizations.
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Although we previously found that ICP values are generally higher in patients who exhibit depolarizations than in those who do not, 30 here we found more specifically that postoperative ICP values were higher (43.4 ± 14.5 mm Hg) in patients with the isoelectric form of spreading depolarization (ISD), while there was no significant difference between patients with no depolarizations (24.3 ± 7.3 mm Hg) and those with only the CSD type (25.6 ± 7.4 mm Hg). This result suggests a likely interaction between elevated ICP and depolarization: either 1) reduced cerebral blood flow as a consequence of edema could worsen the effect of depolarizations by limiting metabolic substrates for recovery or causing spreading ischemia, 20 or 2) persistent cytotoxic edema induced by depolarizations could contribute to ICP elevation, or 3) both mechanisms could be at play. The more prolonged duration of depolarizations associated with isoelectricity suggests the former. 31 In either case, repetitive depolarizations leading to isoelectricity in combination with intracranial hypertension appears to be a strong indicator of poor outcome. 40 In univariate analysis of outcome in the subgroup of patients undergoing lesion evacuation within 24 hours, we found that only age, center, bone flap size, and spreading depolarizations had significant associations. When combined in a multivariate model, only spreading depolarizations were significant. This finding suggests that spreading depolarizations are a final common pathway reflecting the cumulative effect of prognostic risk factors, therapies, and secondary insults on injury evolution-an interpretation consistent with measurement of a pathologic process occurring on the cellular level and widely affecting vulnerable, perilesional tissue.
Need for Randomized Trial of Preemptive DC
Our results are in agreement with results from several recent studies on the effectiveness of preemptive DC performed in conjunction with lesion evacuation. Most rel-evant are two studies in which ICP measures and failure of first-and/or second-tier therapies for control of intracranial hypertension were not required prior to craniectomy. The first was a single-center retrospective review of DC versus traditional craniotomy as a primary procedure for patients with hemorrhagic contusions > 20 cm 3 with CT signs of mass effect. 36 For craniectomies, the authors removed a 12 × 13-cm area of the frontotemporoparietal cranium extending inferior to the floor of the middle cranial fossa at the origin of the zygomatic arch, whereas craniotomies were 7 × 8 cm. Despite similar injury severities between the groups, the authors found that outcomes were better and reoperation rates were lower following craniectomy. In the second study, Jiang et al. 39 conducted a large (486 patients) prospective randomized controlled trial comparing the use of smaller temporoparietal craniectomy bone flaps (6 × 8 cm) with large frontotemporoparietal craniectomies (12 × 15 cm) for treatment of unilateral contusions with imaging or clinical evidence of mass effect. In the group undergoing large craniectomies, they found that postoperative ICP values were lower through 7 days, and 6-month outcomes were significantly improved. Other studies are more equivocal and difficult to interpret since, due to their retrospective nature and lack of randomization, comparison groups had differing injury severities. 1, 46, 54 Together these studies suggest that at worst, for patients with hemorrhagic contusions and clinical or imaging evidence of mass effect, DC is a safe alternative to traditional craniotomy as a primary surgical intervention. Given the evidence presented here and from the only prospective randomized trial conducted thus far, 39 we suggest the need for a further prospective randomized trial comparing the use of DC (12 × 15 cm) and duraplasty with traditional craniotomy for patients with unilateral contusions or subdural hematoma meeting the Brain Trauma Foundation guidelines for surgical intervention, who exhibit signs of mass effect (compressed basal cisterns, midline shift > 5 mm, or neurological deterioration). Randomization should occur irrespective of ICP monitoring, and surgery should be initiated as a primary intervention as soon as indicated by imaging, without requirement of failure of firsttier therapies to control ICP. This proposed trial design differs considerably from the recently published DECRA (Decompressive Craniectomy) study, which included only patients with diffuse swelling and excluded those with contusions or hematomas, employed only bifrontal craniectomies with limited dural opening, and required only brief ICP increase as an inclusion criterion. 15 Such patients represent only a small minority of neurotrauma patients considered for surgical intervention. More germane to the present issue and to neurotrauma in general is the ongoing RESCUEicp (Randomised Evaluation of Surgery with Craniectomy for Uncontrollable Elevation of IntraCranial Pressure) trial, which includes intracranial lesions and unilateral decompression. However, like DECRA, RESCUEicp is a trial of DC for treatment of intractable intracranial hypertension, requiring ICP > 25 mm Hg for at least 1 hour after trial of at least first-tier measures, and will not address the effectiveness of preemptive DC in conjunction with lesion evacuation.
Conclusions
We assessed practice variations in surgical management of TBI and compared their effectiveness at 2 centers in United Kingdom (KCH) and the United States (VCU). We found that patients treated at VCU underwent surgery earlier, had larger bone flaps, and more frequently underwent craniectomy than craniotomy. These differences were particularly accentuated in patients undergoing early lesion evacuation and corresponded to significantly lower postoperative ICP values, less spreading depolarizations, and better outcomes. Together with one previous prospective randomized trial, these results suggest the effectiveness of early preemptive DC as a primary surgical intervention. The variation in both practice and outcomes between these two advanced neurosurgical practices in Western nations, together with previous studies, suggests the need for a multicenter prospective trial of DC in this specific clinical scenario.
